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ABSTRACT:
Nebraska’s Rainwater Basin (RWB) is a key spring migration area for millions of
waterfowl and other avian species. Avian cholera has been endemic in the RWB since the 1970s
and in some years tens of thousands of waterfowl have died from the disease. We evaluated
patterns of avian cholera mortality in waterfowl species using the RWB during the last quarter
of the 20th century. Mortality patterns changed between the years before (1976–1988) and
coincident with (1989–1999) the dramatic increases in lesser snow goose abundance and mortality.
Lesser snow geese (Chen caerulescens caerulescens) have commonly been associated with
mortality events in the RWB and are known to carry virulent strains of Pasteurella multocida, the
agent causing avian cholera. Lesser snow geese appeared to be the species most affected by avian
cholera during 1989–1999; however, mortality in several other waterfowl species was positively
correlated with lesser snow goose mortality. Coincident with increased lesser snow goose
mortality, spring avian cholera outbreaks were detected earlier and ended earlier compared to
1976–1988. Dense concentrations of lesser snow geese may facilitate intraspecific disease
transmission through bird-to-bird contact and wetland contamination. Rates of interspecific avian
cholera transmission within the waterfowl community, however, are difficult to determine.
Key words: Avian cholera, Chen caerulescens caerulescens, epizootiology, lesser snow geese,
Nebraska, Pasteurella multocida, Rainwater Basin, waterfowl.

cies mortality rates may depend on the
community of waterfowl hosts using an area.
Although there is considerable uncertainty about the ecology of avian cholera,
recent evidence indicates that lesser snow
geese, Ross’s geese (Anser rossii), and
possibly other waterbirds, are likely carriers
of P. multocida and serve as reservoirs for
this disease (Samuel et al., 1999a, 2005). In
addition, factors such as severe weather,
crowding, stress, and other conditions can
increase the risk or severity of disease
outbreaks (Smith et al., 1990; Botzler,
1991; Windingstad et al., 1998; Samuel et
al., 1999b). Mortality rates during disease
outbreaks have been difficult to document,
but estimates indicate 5–10% of an entire
nesting lesser snow goose population may
succumb during breeding ground outbreaks, with higher mortality rates occurring in nesting areas with higher bird
density (Samuel et al., 1999c). Although
avian cholera has killed .100,000 birds

INTRODUCTION

Of the diseases affecting waterfowl in
North America, avian cholera, caused by
the bacterium Pasteurella multocida, is one
of the most important infectious diseases
affecting wild geese (Friend, 1987; Wobeser,
1997). In addition, this highly contagious
disease has the potential to substantially
impact other avian species. Transmission of
P. multocida among waterfowl likely occurs
by direct bird-to-bird contact and by either
ingestion from contaminated wetlands or by
inhalation of contaminated water droplets in
aerosols when birds take flight (Botzler, 1991;
Wobeser, 1992). Thus, wetlands with high
densities of gregarious waterfowl, such as
lesser snow geese (Chen caerulescens caerulescens), may be at increased risk for disease
transmission and severe disease outbreaks.
Because the bacterium affects .100 species
of waterbirds (Botzler, 1991) factors such as
bird density, disease transmission, and spe81

82

JOURNAL OF WILDLIFE DISEASES, VOL. 42, NO. 1, JANUARY 2006

during a single outbreak (National Wildlife
Health Center [NWHC], unpubl. data) the
disease also appears to be transmitted yearround (Samuel et al., 2005) and causes
ongoing, low-level mortality within waterfowl populations (Botzler, 1991; Wobeser,
1992; Samuel et al. 1999c).
The Rainwater Basin (RWB) in central
Nebraska is a key focal point in the spring
migration of millions of ducks, geese,
shorebirds, and cranes. These birds stop
for an extended period to feed, rest,
initiate pairing activities, and acquire
nutrient reserves critical for the northern
migration and subsequent reproductive
success. Large-scale habitat changes in
the RWB, however, have produced at least
two notable effects on migratory waterfowl. Roughly 90% of the original waterfowl habitat in the RWB has been
destroyed (Tiner, 1984). As a result, birds
have become more concentrated on remaining basin wetlands that are maintained by natural rainwater or by pumping
ground water. This dramatic reduction
and shift in habitat has produced extremely high concentrations of birds (.500,000–
1,000,000) roosting on many of the
remaining wetlands. These crowded conditions can enhance the risk of transmission and spread of infectious diseases
(Friend, 1992). Since the 1970s, avian
cholera has been a recurrent disease
problem in the RWB (Windingstad et al.,
1984, 1988), where mortality occurs almost annually, and in some years (e.g.,
1998) estimated losses have exceeded
100,000 birds. Risk and severity of diseases like avian cholera may have been
further exacerbated by concurrent reductions in wetland quality (Friend, 1981) or
increases in eutrophic wetland nutrients
(Blanchong et al., 2006). Coincident with
habitat changes in the RWB, the midcontinent population of lesser snow geese
has grown exponentially (5% annually) in
the past 20–25 years (Abraham and
Jefferies, 1997). Starting in the late
1980s, the skyrocketing population of
midcontinent lesser snow geese also

shifted its principal spring migration
corridor from Iowa, Missouri, and eastern
Nebraska to central Nebraska. These birds
were apparently attracted to the abundance of nutrient and energy subsidies
provided to waterfowl feeding on waste
agricultural crops in the RWB. The ability
of lesser snow geese to exploit such food
resources throughout the midcontinent
has apparently played an important role
in creating an overabundance of lesser
snow geese in this population (Abraham
and Jefferies, 1997).
Although increased harvest has been
initiated to reduce the midcontinent
population of lesser snow geese, the
continued high abundance of these geese
may increase the risk of large-scale avian
cholera outbreaks in the RWB during
spring migration. The purpose of this
paper is to review the history of avian
cholera outbreaks in the RWB, to characterize the mortality patterns among waterfowl species using the RWB, and to
evaluate the relationship between lesser
snow goose mortality and mortality patterns in other species. We analyzed
carcass collection records for lesser snow
geese and other waterfowl species from
avian cholera outbreaks over the last
quarter of the 20th century (1976–1999).
We compared levels of avian cholera
mortality (based on carcass collection) in
common waterfowl species using the
RWB both before and during periods of
increasing lesser snow goose abundance,
and we evaluated the correlation between
lesser snow goose mortality and mortality
in these species. In addition, we evaluated
species-specific associations between the
timing of spring outbreaks before (1976–
1988) and coincident with (1989–1999)
increased lesser snow goose abundance
and mortality.
MATERIALS AND METHODS

The RWB encompasses .10,000 km2 in
south-central Nebraska (Fig. 1). The basin is
composed of depressional wetlands primarily
formed by wind and fluvial processes and
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FIGURE 1. Location of Rainwater Basin in Central Nebraska (a) and generalized shape of Central
Flyway spring waterfowl migration corridor (b).

dependent upon surface sources of water and/
or irrigation–ground water connections. The
hydrology of the entire RWB has been
significantly altered by drainage pits, intensive
watershed modification, water diversion, and
intensive agricultural and irrigation practices
(Farrar, 1982). This wetland system is also one
of the most endangered in North America with
#10% of the presettlement wetland basins
remaining (Farrar, 1982; Smith and Higgins,
1990) within an intensive agricultural environment. The RWB is also recognized as the focal
passageway for 7–9 million ducks and 5–7
million geese from three different flyways
migrating from their wintering grounds in
the southern United States and Mexico to
their breeding grounds in prairie and arctic
Canada (Gersib et al., 1992).
Avian cholera was first reported in the RWB
in 1975 when an estimated 25,000 birds died
(Zinkl et al., 1977). Since that time, avian
cholera occurred almost annually from 1975–
1999 with most losses occurring during spring
migration, although fall outbreaks were occasionally reported. Estimated losses have varied
each year with peak mortality reported in 1980
(Brand, 1984) and again in 1998 (Rainwater
Basin Wetlands Management District, unpubl.
data; NWHC, unpubl. data).
For each year of our study period from 1975
to 1999, when bird migration began, wetlands
were checked by wetland biologists for dead
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birds. After dead birds began to be detected
(2–5), a sample of fresh carcasses was sent to
the NWHC to verify the cause of mortality
(Friend, 1987). Each year, approximately 80%
of the carcasses tested were diagnosed as avian
cholera or suspect avian cholera mortality,
indicating that avian cholera outbreaks were
occurring and constituted the primary cause of
epizootic mortality.
When the number of dead birds on any one
wetland reached 20 carcasses, wetland staff
systematically searched for and collected dead
birds of all species. Other wetlands with high
waterfowl use were also checked for dead
birds. Bird carcasses in open water were easily
detected and retrieved; however, the majority
of dead birds were found along the vegetated
shoreline and portions of the wetlands with
surface water. The number of birds collected
was recorded by sex (ducks only) and by
species. All species of birds were searched for
and collected; however, larger-bodied geese
were typically easier to detect than smallerbodied ducks. Carcasses were usually exposed
in shallow water, but sank low in water that
was more than 15 cm deep, reducing detection. The carcass search methods did not
change substantially over the duration of our
study period. Even in years when mortality
was very low, biologists checked wetlands for
dead birds to make certain that isolated
incidents of morality were not overlooked.
We used data on carcasses collected by US
Fish and Wildlife Service and Nebraska Game
and Parks Commission staff during spring
avian cholera mortality events in the RWB
from 1976–1999 (1976, 1980–1992, 1995–
1999) to evaluate species composition of
mortality. The five species with the highest
occurrence in carcass collection were lesser
snow geese, white-fronted geese (Anser albifrons), Canada geese (Branta canadensis),
mallard ducks (Anas platyrhynchos), and
northern pintail ducks (Anas acuta). Carcasses
collected for remaining waterfowl species were
pooled and considered collectively as ‘‘other
waterfowl’’ mortality.
We used linear regression to evaluate trends
in the number of carcasses collected annually
during spring outbreaks for each species and
to test for an association with an index of
species abundance, except ‘‘other waterfowl,’’
for which there was no abundance estimate.
Unfortunately, annual estimates of local abundance at Rainwater Basin wetlands do not exist
for any of the species. Instead, we used annual
winter counts of midcontinent populations of
lesser snow, white-fronted, and Canada geese
and subsequent North American breeding
populations for ducks (Wilkins and Cooch,
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1999) as a general index representing annual
changes in local population abundance. Because our index of abundance for each species
was not at a local scale, proportional mortality
rates could not be reliably calculated or
compared among species. Instead, we evaluated the relationship between lesser snow
goose mortality and mortality in other species
by comparing numbers of dead birds among
species. Specifically, we used linear regression
to evaluate the relationship between the
number of lesser snow goose carcasses and
the number of carcasses of each of the other
species collected during the same outbreaks.
We used one-tailed t-tests to compare average
yearly mortality for each species before (1976–
1988) and coincident with (1989–1999) increased lesser snow goose mortality.
We used daily mortality records to construct
cumulative annual mortality curves for each
species. We compared cumulative mortality
curves between the two time periods (1976–
1988 and 1989–1999) to investigate the
relationship between increasing lesser snow
goose mortality and avian cholera mortality in
other waterfowl species. We also used these
annual cumulative mortality curves to investigate the relative timing of avian cholera
outbreaks and to identify species associated
with initiation of outbreaks. We defined the
beginning of an outbreak to be a cumulative
detection of at least 50 bird carcasses of a given
species. The end of an outbreak was defined as
the last date on which bird carcasses of any
species were collected. We used one-tailed ttests to compare the average date of onset
(calculated as number of days since 1 February) and termination of spring avian cholera
outbreaks between the time before and during
dramatic increases in lesser snow goose
mortality. We also used t-tests to compare
the timing of outbreak detection in each
species between the two times.
RESULTS

From 1976 to 1999, .85,000 carcasses
of known species composition were collected during spring avian cholera outbreaks and the number of carcasses varied
annually from ,500 birds in 1984–1985 to
.26,000 in 1998 (Table 1). The number of
carcasses collected, although typically
much smaller than estimated total mortality (Humberg et al., 1983; Stuzenbaker et
al., 1983), generally reflected the severity
of avian cholera losses. Lesser snow goose

mortality increased dramatically over the
last quarter of the 20th century in the
RWB (Table 1). Despite high annual
variation in the number of carcasses
collected, we found an increase in lesser
snow goose mortality, but no significant
trend for any other species (Table 2). Over
time, lesser snow goose carcasses accounted for an increasing proportion of
the total avian cholera mortality experienced by waterfowl in the RWB (Fig. 2).
Annual mortality data indicated that
beginning in 1991, and continuing through
1999, lesser snow goose mortality exceeded mortality in all other species
combined (Table 1). Before 1989, avian cholera mortality was distributed
among northern pintails (26.3%), mallards
(24.7%), and white-fronted geese (23.4%),
followed in frequency by Canada geese
(11.4%), other waterfowl species (9.4%),
and finally lesser snow geese (4.9%). From
1989 to 1999, lesser snow geese comprised the majority of carcasses collected
(74.9%), followed by northern pintails
(8.8%), white-fronted geese (5.6%), mallards (3.9%), other waterfowl species
(3.6%), and Canada geese (3.2%). Annual
avian cholera mortality in lesser snow
geese was considerably higher during
1989–1999 than during 1976–1988, despite
high variation in mortality from year to year
(Table 3). In contrast to the strong trend for
increased lesser snow goose mortality
observed during 1989–1999, annual mortality for each of the other waterfowl
species decreased relative to mortality
levels during 1976–1988, though differences were not significant for individual
species (Table 3). Our inability to detect
a temporal trend in avian cholera mortality
in other waterfowl species may result from
the high annual variation in mortality, or
possibly because of a detection bias for
larger, more visible lesser snow goose
carcasses that resulted in underestimation
of mortality for other species.
We found no evidence for a strong
relationship between midcontinent population abundance and species-specific
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TABLE 1. Number of waterfowl carcasses collected, outbreak onset date, and first species collected during
spring avian cholera outbreaks in Nebraska’s Rainwater Basin from 1976–1999.a
Year

LSGO

WFGO

1976
1980
1981
1982
1983
1984
1985
1986
1987
1988

10
160
18
60
50
38
69
266
544
440

55
4251
216
1918
302
92
82
173
271
635

1989
1990
1991
1992
1995
1996
1997
1998
1999
Total

862
274
2708
3610
1306
5223
2771
20290
1153
39852

232
147
623
670
78
505
257
239
81
10827

a

CAGO

MALL

NOPI

OTHER

Total

35
1443
127
1018
188
107
127
123
155
551

186
6385
224
1204
109
85
59
42
47
95

427
5930
1027
852
82
75
67
170
124
218

79
2055
43
432
47
68
56
79
240
110

792
20224
1655
5484
778
465
460
853
1381
2049

35
116
134
154
21
92
104
962
14
5506

21
37
82
107
37
321
60
1267
69
10437

84
55
384
147
79
1013
92
2575
60
13461

57
67
126
40
21
454
143
866
83
5066

1291
696
4057
4728
1542
7608
3427
26199
1460
85149

Onset date

Onset species

16 March
NOPI
12 March
WFGO
3 March
NOPI
5 March
CAGO
2 March
CAGO
14 March
MALL
12 March
CAGO
7 March
NOPI
No data
No data
5 March LSGO, WFGO,
OTHER
9 March
LSGO
1 March
LSGO
27 February
LSGO
3 February
LSGO
27 February
LSGO
12 March
LSGO
15 March
LSGO
20 February
LSGO
24 February
LSGO

LSGO 5 lesser snow goose; WFGO 5 white-fronted goose; CAGO 5 Canada goose; MALL 5 mallard; NOPI 5
northern pintail; OTHER 5 other waterfowl.

avian cholera mortality in either time
period. During 1976–1988, mallards were
the only species for which we found
a significant positive relationship between
the number of carcasses collected and the
species’ breeding abundance (Table 4).
There were no significant relationships
between abundance and the number of
carcasses collected for any species during
1989–1999 (Table 4). These results, however, should be interpreted conservatively
because midcontinent abundance is only
a general index of local abundance.

Prior to dramatic increases in lesser
snow goose mortality (1976–1988), there
were no significant relationships between
lesser snow goose mortality and mortality
in any of the other species (Table 5).
During 1989–1999, however, we found
significant positive relationships between
the number of lesser snow goose carcasses
found annually in the RWB and the
number of carcasses of Canada geese,
mallards, northern pintails, and other
waterfowl collected (Table 5). The relationship between the number of lesser

TABLE 2. Annual trend (slope) in avian cholera mortality in Nebraska’s Rainwater Basin for several
waterfowl species from 1976 to 1999.
Species

Correlation

Slope

t

df

P

Lesser snow goose
White-fronted goose
Canada goose
Mallard
Northern pintail
Other waterfowl

0.53
20.37
20.26
20.33
20.24
20.18

439.30
265.49
218.45
285.41
261.00
215.58

2.59
21.66
21.09
21.44
21.04
20.77

17
17
17
17
17
17

0.02
0.12
0.29
0.17
0.31
0.45

86

JOURNAL OF WILDLIFE DISEASES, VOL. 42, NO. 1, JANUARY 2006

FIGURE 2. Proportion of total mortality contributed by lesser snow geese (SNGO), white-fronted
geese (WFGO), Canada geese (CAGO), mallard
ducks (MALL), northern pintail ducks (NOPI), and
other waterfowl (OTHER) for years from 1976
to 1999.

snow goose and white-fronted goose
carcasses collected was also positive, but
not statistically significant. Residual statistics and regression influence diagnostics
indicated that the high mortality experienced by all species in 1998 may have
influenced our analyses. To assess the
potential impact of 1998 data on our
results, we conducted a second analysis
after removing these data. Although correlation coefficients were reduced without
the 1998 data, the relationships between
lesser snow goose mortality and mortality
in northern pintail, mallard, and other
waterfowl species remained significant
(Table 6). In addition, with removal of
1998 data, the relationship between lesser
snow goose mortality and white-fronted
goose mortality became significant
(Table 6). The relationship between lesser
snow goose and Canada goose carcasses
remained positive, but was no longer

significant (Table 6). Relative mortality
(carcasses collected per 1,000 lesser snow
goose carcasses) in other species of
waterfowl during 1989–1999 were highest
for northern pintail and white-fronted
geese, and lowest for mallards. These are
probably conservative estimates because
detection bias likely favors greater collection of lesser snow goose carcasses relative
to other smaller and less-visible species.
Coincident with the dramatic increase
in lesser snow goose mortality was a significantly earlier annual detection of spring
avian cholera outbreaks (t1152.44,
P50.02). Prior to the increase in lesser
snow goose mortality (1976–1988), the
average date on which spring cholera
outbreaks ($50 carcasses of one species)
were first detected was 8 March and the
first species to be collected during an
outbreak varied annually (Table 1). During the latter time period (1989–1999), the
average date on which spring outbreaks
were first detected was 27 February and
lesser snow geese were always among the
first species collected (Table 1). The
earlier average detection of avian cholera
outbreaks from 1989–1999 coincided with
an earlier end to outbreaks (as measured
by the last date on which carcasses were
collected; t1651.91, P50.04). On average,
during 1976–1988, the last date on which
carcasses were collected was 7 April
compared to 30 March during 1989–
1999. When we compared the timing of
outbreak detection ($50 carcasses) for
each species separately between 1976–
1988 vs. 1989–1999, lesser snow geese

TABLE 3. Average number of carcasses collected for several waterfowl species from Nebraska’s Rainwater
Basin during 1976–1988 and 1989–1999.
Species

1976–1988

1989–1999

t

df

P

Lesser snow goose
White-fronted goose
Canada goose
Mallard
Northern pintail
Other waterfowl

165.5
799.5
387.4
843.6
897.2
320.9

4244.1
314.7
181.3
222.3
498.8
206.3

1.97
21.13
21.14
20.97
20.63
20.53

8
10
10
10
13
13

0.04
0.14
0.14
0.18
0.27
0.30
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TABLE 4. Relationship (slope) between species abundance and the number of carcasses collected from
Nebraska’s Rainwater Basin during 1976–1988 and 1989–1999.
1976–1988

1989–1999

Species

Correlation

t

df

P

Correlation

t

df

P

Lesser snow goose
White-fronted goose
Canada goose
Mallard
Northern pintail
Other waterfowl

0.3
20.13
0.43
0.77
0.6
No data

0.83
20.37
1.07
3.22
1.83

7
8
5
7
6

0.43
0.72
0.33
0.02
0.12

0.55
0.03
0.24
0.36
0.04
No data

1.734
0.074
0.663
1.016
20.093

7
7
7
7
7

0.13
0.94
0.53
0.34
0.93

were the only species for which we found
a significantly earlier detection of avian
cholera outbreaks in the latter time period
(t1253.59, P50.004). There was no trend
in the timing of outbreak detection in any
of the other species (all P.0.05). In
addition, there was no relationship between the dates on which outbreaks were
detected in lesser snow geese and outbreak detection in any of the other species
(all P.0.05), suggesting that early lesser
snow goose mortality was independent of
other species.

abundance of midcontinent lesser snow
geese and increasing usage of the RWB by
this species, mortality in lesser snow geese
species far exceeded mortality in other
species. From 1989 to 1999, lesser snow
geese made up the majority of waterfowl
carcasses collected during avian cholera
outbreaks, and annual mortality in several
waterfowl species was positively related to
lesser snow goose mortality. We also found
an earlier detection of avian cholera outbreaks during 1989–1999 relative to 1976–
1988. This earlier detection of outbreaks is
consistent with observations by wetland
biologists of the timing of lesser snow
goose arrival to wetlands of the Rainwater
Basin (Mack, unpubl. data). We note,
however, that detection of an avian
cholera outbreak may be influenced by
detection probability of dead birds and
carcass collection effort. Mortality in
lesser snow geese, because of their white
plumage and large size, may have been
more easily detected than other species.
From 1989 to 1999, annual mortality in

DISCUSSION

Avian cholera mortality in waterfowl
species at spring staging areas in the
Rainwater Basin of Nebraska occurred in
almost every year of the last quarter of the
20th century. Between 1976 and 1988,
patterns associated with initiation of outbreaks and species mortality were inconsistent and varied among species. However, coinciding with a dramatic increase in

TABLE 5. Relative mortality of waterfowl species (number of carcasses collected per 1,000 lesser snow goose
carcasses) from Nebraska’s Rainwater Basin during 1976–1988 and 1989–1999.
1976–1988
Species

White-fronted goose
Canada goose
Mallard
Northern pintail
Other waterfowl

Relative
Correlation mortality

0.01
0.04
0.06
0.08
0.03

28.1
108.3
2631.7
2745.3
104.6

1989–1999

t

df

P

20.03
0.12
20.17
20.22
0.09

8
8
8
8
8

0.98
0.91
0.87
0.83
0.93

Relative
Correlation mortality

0.06
0.97
0.99
0.97
0.94

2.3
46.6
64.2
131.4
42.5

t

df

P

0.17
11.50
20.83
11.46
7.63

7
7
7
7
7

0.87
,0.01
,0.01
,0.01
,0.01
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TABLE 6. Relative mortality of waterfowl species (number of carcasses collected per 1,000 lesser snow goose
carcasses) from Nebraska’s Rainwater Basin during 1989–1999 with 1998 excluded.
Species

Correlation

Relative mortality

t

df

P

White-fronted goose
Canada goose
Mallard
Northern pintail
Other waterfowl

0.75
0.47
0.86
0.81
0.76

109.3
15.4
50.5
161.9
64.2

2.78
1.31
4.18
3.37
2.86

6
6
6
6
6

0.03
0.24
0.01
0.02
0.03

several waterfowl species using the RWB
was positively related to annual mortality
in lesser snow geese. The strongest
associations with lesser snow goose mortality occurred for northern pintail, a species that appears highly susceptible to
avian cholera, and white-fronted geese.
Relative mortality in these two species was
162 northern pintail and 109 whitefronted geese per 1,000 lesser snow geese.
Dense concentrations of highly gregarious
lesser snow geese likely facilitate intraspecific transmission through bird-to-bird
contact and indirectly through contamination of wetlands with virulent Pasteurella.
The positive correlation between lesser
snow goose mortality and mortality in
other species of waterfowl also indicates
potential interspecies transmission of
disease, probably indirectly as a function of wetland contamination with Pasteurella.
Many of the factors that influence the
initiation of avian cholera mortality or the
severity of outbreaks remain poorly understood, and predicting the likelihood of
large multi-species avian cholera outbreaks is difficult. However, the RWB
appears to provide nearly ideal conditions
for frequent outbreaks of avian cholera
(Wobeser, 1992). Lesser snow goose
populations using the RWB each spring
now exceed 3 million birds, and nearly 1
million birds have been observed roosting
on a single 700-acre wetland (Mack, US,
unpubl. data). Although avian cholera
mortality rates are difficult to document,
they approached 10% during avian cholera outbreaks on a lesser snow goose

nesting colony, and estimated mortality
was $20% in the area with the highest
nest density (Samuel et al., 1999c). Roosting and feeding lesser snow geese in the
RWB can be found at much higher
densities than occur on breeding colonies,
thereby increasing the potential for transmission of infectious disease agents. During the 1989–1999 period we were unable
to find a relationship between midcontinent species abundance and mortality
from avian cholera in the RWB.
Ideally, assessments of wildlife disease
outbreaks should focus on species-specific
mortality rates from disease. Assessing
disease mortality depends on the population at risk, severity of disease, surveillance efforts, and probability of detecting
mortality. However, determination of
mortality rates in waterfowl populations
is challenging because of the annual
variation in disease severity, spatial scale
of outbreaks, high mobility of birds,
interactions between disease and other
mortality risks, and a number of other
factors (Samuel, 1992). Local estimates of
waterfowl populations using the RWB and
bird density at wetlands would permit an
assessment of mortality rates attributable
to avian cholera during outbreaks and
might help us understand the potential
influence of crowding stress and contact
on disease transmission. Alternatively, our
assessment of disease patterns based on
carcass collection data contains several
potential limitations and sources of bias.
We suspect that our results could be
affected by differential probability of
detecting carcasses of different waterfowl
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species, by variation in annual surveillance
and carcass collection, and by limitations
in our analytic methods. Regression methods comparing either temporal trends in
species mortality or associations between
species are likely to underestimate the
relationship because the independent and/
or the response measurements contain
errors associated with variable carcass
detection probabilities and annual surveillance efforts. Many of our analyses compare mortality trends between highly
visible and detectable snow geese and
other less detectable species (e.g., ducks).
This differential detection will also underestimate the strength of this association. However, if the level of surveillance
and carcass detection increases with
higher disease mortality, which we suspect
because management efforts are designed
to remove carcasses to reduce disease
transmission, this might cause an overestimate of the regression coefficient.
Overall, we believe the significant temporal trends and relationships between
mortality in snow geese and other species
are likely conservative estimates compared
to actual mortality levels; however, nonsignificant results should be viewed with
a degree of uncertainty because the
potential biases and limitations described
likely reduced our ability to detect significant trends.
Understanding the dynamics of disease
transmission in multi-host systems, such as
avian cholera in waterfowl communities,
is extremely complex and challenging.
These dynamics are further complicated
by potential variations among species in
abundance, susceptibility, mortality rates,
mobility, behavior, and wetland use patterns that influence the risk of exposure to
disease. Current information on avian
cholera indicates that some waterfowl
species serve as reservoirs and carriers of
the disease, stress-related conditions play
an important role in initiating outbreaks,
and disease is transmitted among birds or
through environmental contamination.
Lesser snow geese have been documented
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as carriers of virulent P. multocida (Samuel et al., 2005), and these birds likely play
an important role in spreading and transmitting the disease. We suspect that lesser
snow geese have become one of the
species responsible for annually transporting the disease agent to the RWB, played
a role in the earlier occurrence of disease
outbreaks, and transmit disease to other
species. However, the positive correlation
in mortality patterns among species using
the RWB could reflect a common unknown mechanism responsible for disease
severity and similar avian cholera mortality
patterns among species.
Currently, it is not possible to evaluate
whether avian cholera mortality is likely to
be substantial enough to reduce the overabundant lesser snow goose population,
nor is it completely clear what the longterm impact of the increasing abundance
of this carrier species will have on other
waterfowl species susceptible to avian
cholera. A better understanding of local
waterfowl community dynamics as well as
of the ecology of avian cholera is needed,
including research to identify which species are competent carriers of P. multocida, ecologic factors that promote outbreaks, and how bird density, species
composition, carcass density, and wetland
contamination affect transmission of the
disease. Additional research on waterfowl
community dynamics before and during
avian cholera outbreaks at winter or spring
staging areas will provide a means for
increasing our understanding of rates and
mechanisms of multi-species disease
transmission and persistence.
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